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ANALOG DESIGN RETARGETING 



TECHNICAL FIELD 

The present invention generally relates to Integrated Circuit design 
S retargeting and, more particularly, to automated conversion of analog integrated 
circuits from a source technology to a target technology. 



BACKGROUND ART 

The complexity of integrated circuits (ICs) being designed nowadays is 
10 continuously increasing and has resulted in conq)lete system-on-chip (SoC) 
solutions. Even more, the complexity of such integrated systems is exploding 
thanks to advances in process fabrication. The limiting factor is now the ability to 
design, manage and verify such systems rather than the ability to febricate them. 
As SoC's are becoming larger, the only way to efficiently design such dense 
1 5 SoC's, both from the design complexity and time-to-market aspects, is by 

embedding Intellectual Property (IP) cores. Standards for such cores are currently 
evolving. Ideally, they should be rev^ble, pre-characterized and pre-verified. But 
as febrication technology changes, it is desirable to convert or migrate the design to 
the new process parameters. For example, an IP core may be designed and tested 
20 for 90 nm technotogy, but it is desirable to convert the IP core to a new process of 
60 tmi technobgy. 

IP reuse methodologies are readily available for digital blocks, thanks to the 
well-structured and cell-based design characteristics of the digital world. This is 
conq)letely different on the analog side, where each circuit block (which may 
25 contain thousands of devices) is care&Uy redesigned from scratch each time. The 
main obstacle for analog IP migration is that analog design is highly sensitive to 
device physical parameters and paiasitics and to global technology constraints. 
This makes the retargeting of an analog portion of any design a tough task and is 
still a manual process. 

30 Several approaches for analog reuse has been implemented in previous work 

and most of them rely on optimization techniques. The optimization engine visits 
candidate circuit designs and adjusts their parameters in an attempt to satisfy their 
user's specified performance goals. A first group of optimization techniques use 
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anal3^ical mcxiels that describe the basic perfonnance of the circuit using symbolic 
equations. A second group of optimization techniques uses the full spice accuracy. 
Using a full analog simulator capability has the advantage of accurate results but 
suffers from being very slow, since it has to perform lengthy transient simulation 
S over and over to evaluate the perfonnance of the circuit and make sure it satisfies 
the target goals. On the other hand, using analytical equations has the hapact of less 
accurate designs with faster results. Nonefheless, neither of these techniques is 
ideal as there is a need for increased accuracy and speed 

Another problem with the prior-art techniques is that they are closer to a 

10 circuit re-design than design reuse. All design knowledge and tradeo^, implicitly 
coded by the first designer in the initial design are completely lost In addition, 
optimization-based techniques are only adapted to cell sizing due to extensive use 
of computer resources. Therefore, tiie prior-art techniques are less suitable for 
migrating a complete mixed-signal function (e.g., analog-to-digital converter, PLL, 

15 ...) 

Thus, it is desirable to provide an analog design retargeting system that has 
the ability to take an already designed, sized and verified circuit in a source 
technology and map it to a different target technology while preserving the same 
general architecture and performance characteristics. 

20 

DISCLOSURE OF INVENTION 

The present invention provides a retargeting system and method for 
converting a circuit from a source technology to a target technology, while 
maintaining substantially the same circuit specifications as the original design. 

25 In one aspect, the analog circuit is converted from the source technology to 

the target technology by analyzing and resizing the circuit at the device level. For 
example, the analysis may include deteimining a mode of operation for a transistor 
and resizing based on the mode of operation. In another example, the analysis may 
include determining node voltages coupled to a device and resizing based on the 

30 determined node voltages. 

In another aspect, the retargeting system and method relies on mapping of 
each transistor design parameters, without evaluating the circuit performance. It is 
therefore independent of the circuit under consideration and does not resort to time- 
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consuming circuit simulation and/or circuit optimization techniques. The system 
and method may also be hierarchical which allows handling of macro-fiinctions. 

In another aspect, the invention uses a conplete spice simulator to preserve 
the accuracy of the migrated design, but in fee meantime it doesn't rely on executing 
5 any peribrmance evaluation with a transient analysis. Rather, it is based on 

performing a DC analysis to extract some parameters fix>m the original design and 
then resizing the circuit by preserving these parameters between source and target 
technologies. 

These features and others of the described embodiments will be more readily 
1 0 apparent fiom the following detailed description, which proceeds witii reference to 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 shows an overall system diagram for converting an analog circuit 
1 5 design fiom a source technology to a target technology according to the invention. 

FIG. 2 is a detailed system diagram of a netlist migration engine shown in 

FIG. 1. 

FIG. 3 is a ilowchart of a method for converting a circuit to a target 
technology. 

20 FIG. 4 is a detailed flowchart of a method for extracting a design. 

FIG. S shows an exainple partitioned circuit. 
FIG. 6 provides a top-level flowchart to convert the design to the target 
technology. 

FIG. 7 provides a detailed flowchart for converting a capacitor to the target 
25 technology. 

FIG. 8 provides a detailed flowchart for converting a resistor to the target 
technology. 

FIG. 9 shows a detailed flowchart for converting a transistor to a target 
technology. 

30 FIGs. lOA-C are flowcharts showing fiirther details for converting a 

transistor with fixed gate and source voltages to a target technology, based on the 
mode of the transistor. 

FIG. 11 is a detailed flowchart for converting a transistor that does not have 
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fixed gate and source voltages to a target technology with the transistor in the 
saturation mode. 

FIG. 12 shows a network environment in which the system may be used. 
FIG. 13 shows a flowchart of a method for retargeting over the netv<^ark of 
5 FIG. 12. 

FIG. 14 shows a sample converted circuit with charts showing overlying 
gain and phase. 

DETAILED DESCRIPTION 

10 FIG. 1 shows a system 10 used to retarget an analog design 12 representing 

a certain fiinctionality found in fiinction library 14. The design 12 is made 
according to a source technology shown simply as "Process A" and is converted to 
a target technology shown simply as "Process B" by a migration engine 16. Such a 
migration is generally called "retargeting". The analog design 12 may contain 

IS traditional analog devices, RF devices, and mixed-signal devices. Migration engine 
16 includes a netlist migration engine 1 8 and a layout migration engine 20. The 
netlist migration engine 18 is used to convert a netlist in the source technology to 
the target technology. To perform such a conversion, as described further below, 
the netlist migration engine extracts design information to obtain operational 

20 parameters and the design expertise embedded in the source design. Additionally, 
the netlist migration engine 18 uses the fabrication process data of both the source 
and target technologies (shown at 22, 24, respectively) to map the analog circuit to 
the target technology. A final verification step is usually desirable. This is 
achieved by simulating the obtained netlist and comparing the results with the 

25 source design. 

The retargeting method maps each transistor's design parameters, without 
evaluating the circuit performance. It is therefore generally independent of the 
circuit under consideration and does not resort to time-consuming circuit simulation 
and/or circuit optimization techniques. The method is also hierarchical allowing 

30 handling of macro-functions. The methodology is a one-way approach with no 
time-consuming optimization loops. 

The layout migration engine 20 focuses on converting the physical layout of 
the circuit 12 in the source technology to the target technology. Any desired layout 
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migration engine 20 may be used, or the layout procedure may be accomplished 
manually as this aspect is not of importance to the invention. In any event, the 
layout migration engine 20 uses information about the source and target processes 
22, 24 to translate the source layout into an equivalent layout in the target process. 
5 The new layout is fiilly verified based on the rules for the target process and any 
other constraints provided by the user. 

FIG. 2 shows further details of the netlist migration engine 1 8. A netlist 30 
includes at least a list of electrical devices (e.g., transistors, resistors, capacitors, 
etc.) in the circuit and the interconnections between the devices. The desired result 

10 is to convert this netlist 30 into the target technology. The netlist migration engine 
18 includes two sub-engines: a design extraction engine 32 and a resizing engine 
34. As described more fully below, the design extraction engine 32 may perform 
many tasks such as partitioning the design, extracting the design hierarchy, 
overseeing that the design is simulated, extracting the electrical properties, 

15 determining symmetrical devices and performing circuit-type (also called block) 
recognition. The resizing engine 34 resizes the circuit at the device level, meaning 
that the resizing engine resizes substantially each transistor, resistor, and capacitor 
individually. Such device-level resizing is different than prior-art techniques that 
treat a block as one entity and modify device sizes of many transistors within the 

20 block at one time. 

Design directives block 36 is coupled to the design extraction engine 32 and 
receives fiom the engine 32 circuit information, such as the circuit hietarchy and 
node voltages. This information is displayed on a user inter&ce 37 to display to the 
user the circuit hierarchy, the physical devices with names, and the node voltages. 

25 The user then can modify certain features, such as marking transistors as 

symmetrical, placing constraints on nodes, scaling, and marking certain nodes as 
master or slave. A scaling &ctor of 1 means that fbe current level between the 
source and target technology is the same. Oflier scaling factors may be used. For 
example, a scaling &ctor of .5 means that the current level of the target is half those 

30 of the source. This information is then fed back to the resizing engine 34. Thus, the 
designer can control and fine-tune the retargeting process. The design directives are 
composed of two main categories: 



wo 2007/038984 



6 



PCT/EP2005/054928 



1 . Information concerning interface nodes of each sub-circuit: 

• The type of each of these nodes. 

• An absolute voltage value is desired for those nodes of type F. The defiiult 
value is the old node voltage multiplied by Abo. 

S • The signal input and output node names of each block. 



2. The load c^)acitance of each block. The default value of the any capacitor is 
calculated according to equation (IS) (described below) for dynamic range 
considerations. 

10 The device models 38 include mformation regarding the physical aspects of the 
devices. A device model contains several process related parameters such as 
substrate doping, oxide thickness, drill velocity, junction depth, charge storage, 
mobility, ten^erature coefficients, zero-bias threshold voltage and others. All these 
parameters are used to model the physical behavior of the device during simulation. 

1 5 Some of the effects that are modeled using these parameters can be channel length 
modulation, carrier velocity saturation, non-uniform channel doping, sub-threshold 
conduction, drain-induced barrier lowering, source/drain charge sharing and others. 
Modeling more effects requires more complexity in the model but in the meantime 
gives more accuracy. A DC simulation is performed by simulator 33 coupled to 

20 both the design extraction engine 32 and the resizing engine 34. The DC simulation 
is very fast because voltage levels are fixed in order to solve for the currents. The 
resizing engine 34 then uses the design directives 36, the source and target 
parameter databases 22, 24 and device models 38 to perform the resizing at the 
device level. The resizing engine 34 then, outputs the target netlist 40 with the 

25 electrical devices resized in the target technology. This target netlist may be used to 
perform the layout. Or instead, a further optimization may be performed by passing 
the target netlist 40 through an optimizing engine 42 that interacts with simulator 44 
and a constraints file 46 to produce the final output 48. The constraints file 44 
includes global goals and constraints. The global goals may include timing issues, 

30 such as rise time, fell time, delay, gain, phase, eto. obtmed fix)m a previously 

performed simulation or from data sheet information. The constraints are additional 
features that the user can dictate, such as a requued voltage on a given node, a 
certain transistor must remain in a certain operational mode, device dimensions, eto. 
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FIG. 3 shows a high-level flow chart of a method for migrating the analog 
circuit to a target technology. In process block 60, the analog circuit is extracted in 
the source technology. DetaUs of the extraction process are described further below 
in relation to FIG. 4, but basically the extraction process obtains tiie electrical 
5 parameters (e.g., node voltages) of the circuit. In process block 62, the design is 
migrated by converting the analog circuit on the device level. Thus, individual 
transistors, resistors, and capacitors are analyzed and resized. By performing the 
conversion at the device level and ensuring the fiinctionality of each device is the 
same, the overall design performance is maintained. In process block 64, the design 

10 is output in Hie target technology. 

FIG. 4 shows a more detailed flowchart of the extraction 60 of FIG. 3. In 
process block 70, a netlist containing the analog design in the source technobgy is 
received. In process block 72, the circuit is partitioned into blocks. FIG. 5 shows 
an example of such a partitioning. The partitioning depends on tiiie logical 

1 5 hierarchy of the circuit as identified in the netlist and may be modified depending 
on the particular application. There are numerous well-known techniques for 
partitioning a circuit firom a netlist, any of which may be used. In process block 74, 
the analog design is simulated. Generally, this is a DC simulation, which is very 
fast because voltage levels are fixed in order to solve the circuit. In order to 

20 perform the simulation, a file (not shown) containing predetermined input voltages 
based on the circuit description is used to stimulate the circuit. In process block 76, 
the electrical parameters are extracted fi-om the simulation. For example, the node 
voltages, currents, noise information, transistor modes (e.g., sub-threshold, 
saturation, and linear), etc. are obtained. The retrieved design information is divided 

25 to two categories: Electrical parameters and topological parameters. For electrical 
parameters the extraction includes electrical device parameters and element values. 
For example, for each MOS transistor, the following is extracted: 

• Transistor dimensions (W and L), 

• Characteristic voltages (threshold and saturation voltages), 
30 • The relative bias point, 

• SmaU-signal conductances and capacitances, 

• The corresponding noise contribution. 

• Physical implementation information such as the number of folds is also 
extracted. 
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This is usually done through a simple dc pperating-point simulation followed by 
a noise analysis. 

For topological parameters, the foUowing may be extracted: 

5 • Hierarchical connectivity information embedded in the source netlist. All 

instances are identified and linked to their sub-circuit, as well as all nodes of 
each sub-circuit. 

• Basic block recognition: Since retargeting is carried out on the device level, 
different requirements and optimization constraints are desired for different 
10 devices. The hierarchical building block library may be used, such as 

disclosed in H. Graeb, S. Zizala, J. Eckmueller, K. Antreich, "The Sizing 
Rules Method for Analog Integrated Circuit Design", Proc. ICCAD, 2001. 

In process block 78, an analysis of circuit is undertaken to detect symmetrical 

devices. Defining two devices as symmetrical depends on the application. 

IS However, devices are generally checked to see if two transistors are in some way 
connected and have the same dimensions. For example, if two transistors have their 
gates connected together and the transistors have the same dimensions, then they 
are defined as symmetrical. As described fiirther below, when one device is 
migrated to the new technology, such migration is automatically propagated to the 

20 other associated symmetrical devices. Symmetrical transistors are defined as 
follows: 

■ Transistors with their gates connected to each other and having the same 
dimensions. 

■ Transistors with their sources connected to each other but not connected to 
25 either the supply voltage or to ground and having same dimensions 

■ Transistors having the same dimensions and with their sources connected to 
each other and with their drain voltage equal to each other 

In process block 80, circuit block recognition is performed. Thus, an analysis is 
carried out to check if a transistor is part of a predetermined circuit type and, if so, it 

30 is flagged for foture use, as described fixrther below. Exanf)les of circuit blocks 
include differential pairs, current mirrors, level shifters, flip flops, and current 
sources. This information is placed in a constraint file that the user can modify. 

FIG. S is a simple exaniple of a circuit 100 partitioned into design blocks. In. 
this example, the circuit is partitioned into active blocks 102, passive blocks 104, 

35 and bias and reference blocks 106. Active blocks 102 are the main signal 
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processing blocks in the system. For example, operational amplifiers, comparators, 
etc. Passive blocks 104 contain passive components, such as capacitors, resistors, 
and switches. The bias and reference blocks 106 contain the DC bias and reference 
generators for different blocks in the circuit. For active and passive blocks, the 
S absolute bias/reference voltage of the input and output nodes, marked by stars, are 
usually set by the system requirements in order to fit in the surrounding 
environment of other blocks and &cilitate block interconnection. In general, this 
voltage is set as a ratio of the supply voltage (x.VDD) and in most cases it is set to 
the middle of the siq)ply voltage to maximize signal swing (x=O.S). During design 

1 0 retargeting, this ratio (x) should generally be respected. For bias and reference 
blocks, the voltage of output nodes is dictated by the needs of the other blocks. 

FIG. 6 is a flowchart showing iurther details of process block 62 of FIG. 3. 
In process block 120, a design block is selected. Block selection is based on 
predetermined criteria depending on the particular application. For example, active 

1 S and passive blocks are generally chosen before bias and reference blocks. Resizing 
proceeds one (block) sub-circuit at a time. The order depends on the sub-circuit 
inter&ce nodes. If one of these nodes is designated as a slave node, that block is 
analyzed later, while blocks with master nodes are given priority. Nodes are 
classified to the following types: 

20 

• Fixed voltage (F) nodes, whose de&ult value is Voojioune x Xdd, but can be 
modified by the user. 

• Variable voltage (V) nodes, which should be determined during resizing. 
25 However, since these nodes are shared between multq)le sub-circuits, there 

should be a master sub-circuit for each of th^se nodes that determines its value, 
afterwards, these nodes become fixed for otiier slave sub-circuits. Therefore this 
node type is fiirther divided to variable master (VM) and variable slave (VS) 
types. For example, the bias node of an opaxup is of a VM, while the same node 
30 for the bias circuit that produces the needed voltage value has a VS type. 

Using the connectivity informatbn, voltage levels at the interface nodes are updated 
after the resizing of each block. In process block 122, the capacitors within the 
selected block are converted to the target technology. FIG. 7 provides fiarther 
35 details of converting capacitors. In process block 124, resistors in the selected 
block are converted to the target technology. In so doing, the node voltages 
associated with the resistors are taken into consideration. FIG. 8 provides further 
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details of converting resistors. In process block 126, the transistors in the selected 
block are converted to the target technology. Such conversion takes into 
consideration the operational mode (e.g., sub-threshold, saturation, linear) of the 
transistor. FIGs 9-11 provide faxUher details on converting transistors. In decision 
5 block 1 28, a determination is made whether there are more blocks in the design to 
migrate. If yes, the loqp continues at 120. If no, llie loop is exited at process block 
130. Thus, one aspect indicated in FIG. 6 is that the analog circuit is converted at 
the device level by resizing the individual transistors, resistors, capacitors, etc. 
FIG. 7 is a flowchart showing fijrther detmls of process block 122 for 

10 converting a capacitor. In process block 1 SO, a next capacitor in the block is 
selected. In decision block 1S2, a determination is made whether the c^acitor 
value is provided in the netlist. If not, the c{q>acitor value is confuted (process 
block 1 54) using the cq)acitor dimensions in the source technology. In process 
block 1S6, the capacitor dimensions are modified to match the target technology, 

IS while keeping the capacitor value the same or applying any desired scaling &ctor. 
In decision block 158, a check is made whether more c^acitors are present in the 
current block being analyzed. If yes, the loop continues at process block 150. If no, 
the flow is exited (process block 160). Although not shown, it will be recognized 
that the capacitor values may be scaled according to a scaling factor. 

20 FIG. 8 is a flowchart showing further details of process block 124 for 

converting a resistor. In process block 180, a next resistor in the block is selected. 
In decision block 1 82, a check is made whether the resistor value was provided in 
the netlist. If not, then the resistor dimensions in the source technology are used to 
calculate the resistor value (process block 184). The process Aen continues at 

25 process block 1 86 where the resistor node voltages obtained during the simulation 
are analyzed, hi decision block 1 88, a determination is made whether the node 
voltages are fixed. If yes, the resister value is modified to match the current 
obtained during simulation Q>rocess block 190). If no, then in decision block 192 a 
determination is made whether the node voltages are both not fixed If one is fixed, 

30 then in process block 1 94, the other node voltage is calculated using the known 
current, resistor, and voltage values. The calculated voltage values are then stored 
so that they can be propagated to future determinations (process block 196). In 
process block 198, the resistor is resized to the target technok>gy while maintaining 
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the resistor value (or taking into account a scaling factor). In decision block 200, a 
check is made whether there are more resistors in the current circuit block being 
analyzed. If yes, the loop continues at process block 180. Ifno, the flow exits at 
process block 202. Although not shown, the resistor values can be scaled based on 
S a scaling factor. 

FIG. 9 shows further details of process block 126 of FIG. 6. In process 
block 210, the next transistor to resize in the current circuit block being analyzed is 
selected. This transistor selection is based on a weigjbting factor taking into 
consideration the mode of the transistor (sub-threshold, saturation, linear), the nodes 

1 0 associated with the transistor (fixed or not fixed), the block type (differential pair, 
current mirror, level shifter, etc.). The weighting system is chosen by the user 
based on the particular application. In decision block 212, a determination is made 
whether the transistor is off. If yes, then in process block 214, a check is made 
whetiier there is a symmetrical transistor that is on. If so, the analysis is passed to 

IS the symmetrical transistor, as the results are more accurate with a transistor turned 
on. The flow continues with decision block 216 that determines if the gate and 
soxirce are fixed. If yes, process block 218 performs the migration as ftirther 
described in FIGs lOA-C. If no, then process block 220 performs the migration as 
ftirther described in FIG. 11. After the migration, any node voltages that have been 

20 determined are stored for propagation to other devices to be migrated (process block 
222). In decision block 224, a determination is made whether this is last transistor 
in the current circuit block being analyzed. If yes, the flow is exited (process block 
226). If no, then the loop continues by selecting the next transistor to migrate at 
process block 210. 

25 FIG. lOA is a flowchart showing ftirther detail of process block 21 8 wiA a 

transistor in the saturation mode. In process block 230, the lengfli of the transistor 
is changed fix)m the length in the source technology to the length in the target 
technology. In process block 232, the width of the transistor is modified until the 
current matohes that determined during simulation. Thus, the goal is to modify the 

30 size, while maintaining the current the same. In decision block 234, a check is 
made whether the output conductance determined during simulation changed 
outside a certain accuracy limit (e.g., 3% of the source value for a scaling factor of 
1). If the scaling &ctor is changed then this shouM be taken into account in this 
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detennination. For example, if the scaling factor is .5, the source transistor is 
multiplied by the scaling factor to determine the desired target transistor and this 
target transistor is used in association with the accuracy limit. If yes, the lengtii is 
modified again until the output conductance is within acceptable limits (process 
5 block 236) and the flow loops back to process block 232. If the output conductance 
has not changed (in decision block 234), the parasitic capacitance is checked to see 
whether it has changed above a source parasitic capaciteaace (decision block 238). 
If yes, then ibe length is modified in process block 242 until the parasitic 
capacitance is within a desired limit In process block 244, the transistor width is 

10 changed to match tiie desired current and then the routine is exited (process block 
246). If decision block 238 is answered in the negative, the routine exits at 240. 

FIG. 1 OB shows a flowchart of liirther details of process block 218 with a 
transistor in sub-threshold mode. In decision block 250, a determination is made 
about whether the transistor is included in one of a predetermined list of circuit 

IS blocks (differential pair, current mirror, etc.). If so, in process block 252, the length 
is changed to match the target technology. In process block 254, the width is 
changed until the current and transconductance match those simulated in the source 
technology. If in decision block 250, the transistor is not of a predetermined circuit 
block, then in process block 256 the length is changed to match the target 

20 technology. In process block 258 the width is changed until the resistance matches 
that in the source technology. 

FIG. IOC shows a flowchart of further details of process block 218 with a 
transistor in linear mode. In process block 270, the length is changed to match the 
target technology. In process block 272, the width is changed until the resistance 

25 matches that in the source technology. 

FIG. 1 1 is a flowchart showing fiirfher detail of process block 220 with a 
transistor in the saturation mode. In process block 300, the length of the transistor 
is changed fix>m the length in the source technology to the length in the target 
technology. In process block 302, the widtii of tiie transistor is modified until the 

30 current and transconductance match those determined during simulation. In 
decision block 304, a check is made whether the ou^ut conductance determined 
during simulation changed outside a certain accuracy limit. If yes, the length is 
modified again until the oulput conductance is within acceptable accuracy limits 
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(process block 306) and the flow loops back to process block 302. If the output 
conductance has not changed (in decision block 304), the parasitic capacitance is 
checked to see whether it has changed above the source parasitic capacitance 
(decision block 308). If yes, then the length is modified in process block 310 until 
5 the parasitic capacitance is within a desired limit. In process block 3 14, the width is 
changed to match the current and transconductance and the flow exits at 3 16. If 
decision block 308 is answered in the negative, the routine exits at 312. 

For subthreshold mode and linear mode and the gate and source not fixed, 
the flow is the same as already described in nGs. lOA-C. 

10 FIG. 12 shows that portions of the system 10 may be applied to a distributed 

network, such as the Internet. For example, a server computer 340 may have an 
associated database 342 (internal or external to the server computer). The server 
computer is coupled to a network shown generally at 344. One or more client 
computers, such as those shown at 346 and 348, are coupled to the network to 

1 S inter&ce with the server computer using a network protocol. 

FIG. 13 shows a flow diagram using the method on the network of FIG. 12. 
In process block 350, the netlist is sent fi'om a client computer, such as 348, to the 
server computer 340. In process block 352, the circuit described in the netlist is 
extracted. In process block 354, the design is migrated to the target technology by 

20 converting individual devices. In process block 356, the results are returned to the 
client computer via the network 344. In process block 358, the client computer 
displays or otherwise provides the results to the user. 

FIG. 14 is an example of successfiilly migrated circuit 370. The source 
technology was a 0.6n process with a supply voltage of 3.5V, while the target 

25 technology was a 0.25p, process with a supply voltage of 2.5V fi-om a different 

foundry. The results of simulations for the gain including magnitude 372 and phase 
374 are shown for the source circuit as well as the target. Results show the same 
circuit performance up to beyond the gain-bandwidth fiiequency at around 10 MHz. 
The following observations may be used in the system and method: 

30 The performance characteristics of analog circuits can be divided to small- 

signal (linear) characteristics such as the small-signal gain and gain-bandwidth 
product (calculated after circuit linearization in the fisquency-domain), and large- 
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signal (non-linear) ones such as the slew rate and the settling time (calculated in the 
time-domain). 

• Small-signal or linear characteristics are characterized by a transfer-fimction 
in the complex s-domain, con^letely defined by a dc gain (A), and poles 
and zeros which define the variation of the transfer fimction with fiequency, 
where: 

• The gain of the transfer fenction is proportional to 

Sds 



The dominant pole is proportional to 

Sds 



10 - (2) 



where d is either the load or compensation capacitance. 

• Non-dominant poles and zeros are proportional to 

«p^.o>.-^,7^ (3) 

where Cp is usually due to parasitic Cc^acitances. 
IS • In the above equations, and are transistor transconductance and output 
conductance respectively (not necessarily for the same transistor in the 
circuit under consideration). Both g„ and gds are directly proportional to the 
bias current for a constant Vqs-Va. A first-order calculation gives 

(V -V ) 

20 Sds='^D^Y 

• Large-signal or non-linear characteristics are related in part to the small- 
signal ones, in addition to the ratio between the bias current and load 
capacitance. For example the slew rate is proportional to 

25 SR oc ^ (6) 



• The same device can be used for different flmctions. For example, a simple 
transistor can be used as a switch, as a gain stage, or in a current tnirror. lo 
each case tiie importance of transistor parameters varies according to the 
30 context: While for a switch the most important transistor parameter is the 



wo 2007/038984 



15 



PCT/EP2005/054928 



on-conductance or gjs, for a gain transistor the most important parameter is 
its transconductance or 



5 • The bias current in any active block: may be used to determine speed and 
noise perfinmance; may be used to control both small and large-signal 
performance characteristics; for a given load capacitance, the ratio between 
the driving current and the load c^acitance may be fixed for the same non- 
linear setding performance. Series transistors in Hie same circuit branch 
10 share the same current. 

• Bias voltages: We consider relative transistor bias voltages as follows 
Vgst= Vgs- Vth'. 

Determines the degree of inversion and the transconductance-to-current ratio 
1 5 and controls the transconductance gm 

VdST = VdS - VoSsat' 

Not as important as Vqst since in saturation the current is to a first-order 
independent of Vds- Only a factor of safety after Vdsm to ensure operation in 
saturation. Since series transistors should respect L Vds ~ Vdd, and since 
20 Vossat does not necessarily scale with the supply voltage, Vd^ should be 

adjusted with Vdd. 

• Noise: Sets a minimum limit on device sizes (transistors and capacitors). 
Determines the dynamic range (DR) defined by the ratio between the 

25 maximum input signal power and noise power. As the supply voltage 

decreases, the signal excursion decreases and so is the signal power. This 
puts new constraints on noise performance to keep the same dynamic range. 
The dominant sources of noise in the MOS transistor are flicker and thermal 
noise. Flicker noise is modeled as a voltage source in series with the gate 

30 with a value of 

i^is a process dq)endent constant. In saturation, thermal noise is modeled 
as an equivalent input noise voltage source given by 



35 



• Transistor ^and L: The ratio W/L determines the transistor current and 

main performance characteristics. L sets the transistor area for a given W/L 
and consequently has a direct impact on the noise performance, refer to 
equation (7). L controls the output conductance gds, refer to equation (5). W 
40 controls parasitic ce^acitances and consequently has a direct wapofA on the 

fiiequency performance. 
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• It can be shown that most of the transistor performance parameters, such as 
the transconductance, noise, and parasitic capacitance depend on the relative 
bias-point rather than the absolute value of terminal voltages. 



5 • The proposed retargeting methodology is based upon the following fact: If 
the relative operating point of each transistor in the target design is kept the 
same as that of the source design, the resulting performance specifications 
should match the initial specifications. 
• We define the following scaling factors, the suffix 2 refers to the target 
10 technology while flie suffix / re&rs to the source technology: 



Power supply scaling &ctor 
"ddi 



IS Size scaling factor 



X,=^ (10) 

mini 

Current scahng £ictor: 

Xj=^^Mas2 (11) 

To keep the same non-linear settling performance, refer to equation (6) 



20 Xi=^^ = ^ (12) 

hiasl Ql 

Switched-capacitors (SC) scaling &ctor: 
Since SC noise power is given by 

kT 

^sc=-^ (13) 

while the signal power is proportional to the square of the supply voltage. 
25 Therefore the DR is proportional to 

DR oc Vi^C (14) 

Therefore, to keep a constant DR during retargeting 

(15) 



_ ^switched! _ 



^switchedl 



30 



During circuit retargeting, one focus is to keep the same circuit performance of a 
given circuit (source circuit) in a given fabrication process (source technology) 
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while trying to migrate it (target circuit) to a different fabrication process (target 
technology). This may be done hierarchically. Each block is handled separately in 
a specific order. Naturally, if the performance of each block is kept the same during 
design migration, the performance of the whole macro-fimction will also be the 
S same. 

Equation (12) suggests that the ratio of bias currents in the two circuits should be 
kept the same as that of load capacitances. This allows to respect the same non- 
linear circuit performance as indicated by equation (6), and in the same time 
1 0 determines a design parameter of the target design in a direct and fast way. 

Identical linear performance can be obtained by ensuring identical transfer function 
gain and poles/zeros. A first-order analysis (equations (1) to (3)) shows that all of 
these parameters depend on the ratio between small-signal parameters such as the 

1 5 transistor transconductance (g„) and the transistor output conductance (gos) fixnn 
one side and parasitic capacitances Cp and the load capacitance Cl fixim the other 
side. All of the previous parameters can be made proportional to the bias current 
(e.g. see equations (4) and (S)). This suggests that if equation (12) is satisfied, and 
that transistors are resized for the new current, identical linear performance should 

20 follow systematically. 

For initialization, the main design variables in any circuit are branch currents, 
node voltages and transistor dimensions. Initial values for tiiese quantities are 
found as follows: 

• All branch currents are determined by multiplying the source design branch 
25 currents by Xi (given by equation (12)) set by the load capacitance ratio. 

Current values are then fixed tfiroughout the whole process. 

• Node voltages (other than those of type F) are initialized through scaling the 
source circuit node voltages by Xdd given by equation (9). 

• An initial solution for all transistor dimensions is obtained through scaling the 
30 source transistor sizes by Xi given by equation (10). 

Resizing is performed for each sub-circuit. Each transistor is then treated 
separately. Having calculated the bias current in all transistors during the 
initialization phase, we are left wilh transistor dimensions and terminal voltages to 
35 be determined. Current values are held constant throughout the retargeting process. 
The relative bias point should be kept the same. A simple optimization procedure 
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usually suffices to adjust the relative bias point of the transistor under consideration 
subject to constant current. Transistor sizes are then chosen to match all transistor 
small-signal parameters. By fixing both the bias current and the relative bias point, 
small-signal parameter matching becomes a relatively easy task, which only 
5 consists of compensating second-order effects of transistor modeling not predicted 
by the &st-0Fder analysis. During this process, optimization targets differ for 
different small signal parameters: 

• Small-signal conductances are adjusted with certain priorities according to the 
function of the transistor. Transistor fimctionality is recognized based on the 

10 block recognition step. For example, for transistors constituting differential 
pairs and current mirrors, priority is given to the gate transconductance gm 
followed by the output conductance gds, while for transistors acting as switches 
only the channel conductance is optimized. 

• Small-signal capacitances are limited during optimization to values smaller than 
15 or equal to corresponding capacitances in the original circuit. 

• Noise puts additional constraint on transistoir dimensions. Flicker noise puts a 
lower limit on transistor area as shown fixnn equation (7). Thermal noise is 
directly related to transistor transconductance as shown in equation (8), which is 
already optimized as described above. In general, noise has a higher priority in 

20 optimization for transistors connected to sub-circuit inputs. 

The order by which transistors are treated depends on the number of nodes with 
fixed voltages. Transistors connected to the maximum number of fixed nodes are 
handled first. After the calculation of the relative bias point, it is a simple task to 

25 deduce the absolute node voltages of the non-fixed nodes. Once a node voltage is 
determined, it becomes fixed for following transistors. 

The retargeting procedure usually results in circuits whose performance is very 
close to original ones. However, usually expenevced designers want to have full 
control on the design under consideration, to tune the circuit to their plication, to 

30 optimize the new design and fiilly exploit new &brication process advantages. 
With today's con:;)licated transistor models, it is becoming a tedious task to try to 
adjust small-signal parameters using first-order equations employed for hand 
calculations, in order to fine-tune the obtained performance. The above algoriUmi 
can be easily guided to the very most detail of the design using the designer 

35 directives. The designer directives can be used to alter any transistor design 
parameter of the original design. This allows the experienced designer to test 
different design options in a relatively small amount of time by running the 
algorithm many times and analyzing results. 
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Having illustrated and described the principles of the illustrated 
embodiments, it will be £5>parent to those skilled in the art that the embodiments can 
be modified in arrangement and detail without departing fi-om such principles. 

Although transistors, resistors, and cs^acitors are described, it can be 
5 expanded to other circuit devices, such as indu&tors. 

Additionally, it will be recognized by those skilled in the art that the user 
can modify the scaling factor to any desired value in order to scale the current in the 
target design. 

In view of the many possible embodiments, it will be recognized that the 
10 illustrated embodiments include only exan;q)les of the invention and should not be 
taken as a limitation on the scope of the invention. Rather, flie inventron is defined 
by the following claims. We therefore claim as the invention all such embodiments 
that come within the scope of these claims. 



